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Objective:  Radicular  cysts  and  apical  granulomas  are  inﬂammatory  diseases  that  develop  in association
with  an  infected  root  canal.  It  is  thought  that  persistent  inﬂammation  may  stimulate  proliferation  of
dental  epithelial  cells  around  the  root  to  form  a cyst.  However,  pathogenesis  and  the  mechanism
of  epithelial  proliferation  have  not  been  clariﬁed.  The  purpose  of  this  study  is  to examine  the  levels  of
chemical  and  physical  antimicrobial  activities  of  periapical  lesions.
Methods: To explore  the  expression  of  antimicrobial  peptides  (AMPs)  and  E-cadherin  in  periapical  lesions,
10  tissue  specimens  each  of  apical  granulomas  and  radicular  cysts  were  evaluated  by immunohistochem-
istry  using  anti-AMPs  [human  neutrophil  defensin  (HNP),  LL37,  human  beta-defensin  (HBD)-1  and  -2]
and  anti-E-cadherin  antibody.  In  vitro  assay  to assess  the  expression  of LL37,  HBD-1,  -2  and  E-cadherin  in
the  immortalized  rat  dental  epithelial  cell  line  (HAT-7)  stimulated  with/without  lipopolysaccharide  (LPS)
or  bacterial  cells  were  detected  by immunocytochemistry,  quantitative  real-time  polymerase  chain  reac-
tion  and Western  blot  analysis.  Cell  proliferation  after  incubation  with/without  LPS  or  LL37  was  assayed
by  MTT  assay.
Results:  HNP  and  LL37  were  observed  mainly  in  the  neutrophils  of  apical  granulomas,  while  HBD-1
and  E-cadherin  showed  higher  expression  in  radicular  cysts  than  in apical  granulomas.  In  vitro  assays
showed  that  bacterial  stimulation  enhanced  expression  of  HBD-2,  LL37,  and  E-cadherin,  but  epithelial
cell  proliferation  was  not  enhanced  with  LPS  and  LL37.
Conclusions: These  observations  suggest  that  dental  epithelial  cells  can  secrete  AMPs  and  consolidate
epithelial  intercellular  junctions  when  stimulated  by  bacterial  infection,  and  radicular  cysts  may  play  an
important  role  in  defense  mechanisms.
 Japan© 2013
. Introduction
Disruption of the epithelial cell barrier by microbial components
ay contribute to the pathogenesis of several infectious diseases
n humans and animals [1,2]. In teeth, exposure of the dental pulp
o bacteria may  elicit nonspeciﬁc inﬂammatory responses as well
s speciﬁc immunological reactions in the periapical tissues [3].
ultimicrobial infection of the dental pulp ultimately causes bone
estruction in periapical tissues and the host defensive reaction
gainst irritants from the infected root canal induces numerous
nﬂammatory mediators from a variety of cells [4]. Radicular cysts
re the most common cystic lesions in the jaws and they are chronic
eriapical lesions mediated by a set of inﬂammatory mediators that
evelop to contain a periapical infection in response to microbial
∗ Corresponding author. Tel.: +81 99 275 6242; fax: +81 99 275 6248.
E-mail  address: ishihata@dent.kagoshima-u.ac.jp (K. Ishihata).
348-8643/$ – see front matter ©  2013 Japanese Stomatological Society. Published by Els
ttp://dx.doi.org/10.1016/S1348-8643(13)00004-9ese Stomatological Society. Published by Elsevier Ltd. All rights reserved.
components present in the canal [5]. Their formation is associ-
ated with the activation and proliferation of epithelial cell rests
of Malassez by an inﬂammatory stimulus [6]. However, little is
currently known about the precise mechanisms of formation and
enlargement of radicular cysts.
Antimicrobial peptides (AMPs) are present in all walks of life,
from plants to animals, and are considered to be endogenous antibi-
otics [7]. In general, AMPs are determinants for the composition
of microbiota and function in fending off microbes, thereby pre-
venting infections. AMPs eliminate microorganisms by disrupting
their cell membranes and their importance in human immunity,
in health as well as disease, has only recently been appreciated.
Moreover, high concentrations of AMPs were found in the ﬂuid of
all radicular cysts, considered as a part of the antimicrobial activ-
ity against bacteria in radicular cysts [8]. Considering the fact that
AMPs were detected in radicular cysts, AMPs may  participate in
inﬂammatory responses to bacterial infection and play an impor-
tant role in defense mechanisms of radicular cysts.
evier Ltd. All rights reserved.
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dodecyl sulfate polyacrylamide gel electrophoresis, and blotted
on a Hybond-ECL membrane (Amersham Biosciences, Freiburg,K. Ishihata et al. / Oral Scien
The purpose of this study is to examine the levels of chemical
nd physical antimicrobial activities of periapical lesions includ-
ng apical granulomas, radicular cysts, and immortalized rat dental
pithelial cells. Thus, we investigated the expression of AMPs as
hemical antimicrobial activity, and E-cadherin as physical antimi-
robial activity, which is a major structural protein of the adherence
unction executing epithelial barrier function [9].
.  Materials and methods
.1.  Tissue samples and immunohistochemistry
Ten tissue specimens each of human apical granulomas and
adicular cysts were analyzed in this study. Serial sections, 4-m
hick, were taken from tissue blocks and processed for immuno-
istochemical studies. Samples were deparafﬁnized with xylene,
ehydrated in graded alcohols, and washed in deionized water
nd tris-buffered saline (TBS). The buffer (0.01 M sodium citrate
uffer, pH 6.0) was heated to boiling using a stainless steel pres-
ure cooker, and array slides were boiled for 10 min. Samples were
hen incubated with 3% hydrogen peroxide and immersed in a
itrate buffer, pH 6.0, for 20 min. Samples were incubated at 4 ◦C
vernight in a humidiﬁed chamber with the following primary
ouse monoclonal antibodies: anti-human neutrophil defensin
HNP: -defensin) (D21, HBT Hycult Biotechnology, Uden, The
etherlands) diluted 1:200; anti-human LL37/CAP18 (1-1C12, HBT
ycult Biotechnology) diluted 1:200; anti-beta defensin-1 (HBD-
) (M11-14b-D10, Abcam Biochemicals, Cambridge, UK) diluted
:200; anti-beta defensin-2 (HBD-2) (C17, Santa Cruz Inc., Santa
ruz, CA, USA) diluted 1:200; and anti-E-cadherin (36, BD Bio-
ciences, Bedford, MA,  USA) diluted 1:200. After washing in TBS,
ections were treated with a labeled streptavidin-biotin kit (LSAB;
ako, Glostrup, Denmark). Peroxidase activity was visualized by
mmersing tissue sections in diaminobenzene tetrahydrochloride
nd counterstaining with Mayer’s hematoxylin. Negative controls
or the immunostaining procedure were prepared by omission
f the primary antibody. After the immunohistochemical treat-
ent, the tissue sections were examined by light microscopy.
mmunohistochemical expression of HNP, LL37, HBD-1, -2, and
-cadherin were evaluated both in the connective tissue and in
he epithelial lining of apical granulomas and radicular cysts. A
uantitative assessment of the immunopositive cells, irrespective
f the color intensity, was performed according to the method
escribed elsewhere [10]. Using 200× magniﬁcation, the count-
ng of the immunopositive cells was performed in each one of
hese ﬁelds and classiﬁed according to the following scores: 0
<10% of positive immunostaining cells), 1 (11–25%), 2 (26–50%),
nd 3 (>51%). The results obtained were submitted to statistical
nalysis. Computations were made using the Statistical Package
or the Social Sciences (SPSS 20.0, SPSS Inc., Chicago, IL, USA).
o compare the immunohistochemical expression for each ordi-
al parameter (immunohistochemical score of HNP, LL37, HBD-1,
2, and E-cadherin) of apical granulomas and radical cysts, the
ann–Whitney nonparametric test was performed.
.2. Cell culture
HAT-7  is a dental epithelial cell line originating from the cer-
ical loop of the rat incisor [11]. HAT-7 cells were cultured in
ulbecco’s ModiWed Eagle’s Medium Nutrient Mixture F-12 HAM
DMEM/F12HAM: Sigma Chemical Co., St Louis, MO,  USA) contain-
ng 10% fetal bovine serum (Filtron, Brooklyn, Australia), 100 mg/ml
scorbic acid (Wako Pure Chemical Industries, Osaka, Japan), 1×
lutamax® (Invitrogen, Carlsbad, CA, USA), 100 U/ml penicillin
Invitrogen), and 100 mg/ml  streptomycin (Invitrogen).rnational 10 (2013) 70– 76 71
2.3. Bacterial stimulation
HAT-7  in the monolayer culture was exposed to lipopolysac-
charide (LPS) (50, 100, 200 ng/ml) derived from Escherichia coli,
LL37 (50, 100, 200 ng/ml), Aggregatibacter actinomycetemcomitans
(1  × 108, 2 × 108 CFU/ml), or Fusobacterium nucleatum (1 × 108,
2 × 108 CFU/ml).
2.4. Real-time polymerase chain reaction analysis
The mRNA levels of differentiation-related marker genes for
E-cadherin and rat AMPs [rCRAMP (LL37), RBD-1, and RBD-2] were
determined using quantitative real-time polymerase chain reac-
tion (PCR). Total RNA was  DNAse-treated and reverse-transcribed
using oligo (dT) primers according to the manufacturer’s pro-
tocol (Invitrogen). cDNAs were synthesized with 5 g of total
RNA as a template in a 20 l reaction mixture using Superscript
II reverse transcriptase (Gibco-BRL, Invitorgen). After reverse
transcription, each reaction mixture was  diluted 5-fold with
H2O, and 1 l of each mixture was  subjected to PCR using Taq
polymerase (Takara, Tokyo, Japan). For the real-time PCR assay,
reactions were run using SYBR-Green (Bio-Rad, Hercules, CA,
USA) on a MiniOpticonTM machine (Bio-Rad). Cycling conditions
were as follows: initial denaturation at 98 ◦C for 3 min; 30 cycles
at 98 ◦C for 10 s, 60 ◦C for 30 s, and 72 ◦C for 1 min; and 72 ◦C
for 7 min. Primer pairs used for real-time PCR were as follows:
RBD-1: forward 5′-GGACGCAGAACAGATCAATACCGA, reverse
5′-TCTTCAAACCACTGTCAACTCCTG; RBD-2: forward 5′-TTAATTTG-
GTTTGTTTTGTGCAT, reverse 5′-CATGCCTGACCAAAGGAGGCGTA;
rCRAMP:  forward 5′-TCTGAGCCCCAAGGGGATGAGGA, reverse 5′-
CCAAGGCAGGCCTACTGCTCTAT; E-cadherin: forward 5′-TGCCCC-
AGTATCGTCCCCGT, reverse 5′-CGGTTGCCCCATTCGTTCAGATT;
GAPDH: forward 5′-AGACAGCCGCATCTTCTTGT, reverse 5′-
CTTGCCGTGGGTAGAGTCAT.
2.5. Cell proliferation assay
Cell  proliferation of HAT-7 treated with LPS and LL37 was
determined by the MTT  assay. Cells were incubated with the sub-
strate MTT  [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] for 4 h, washed with phosphate-buffered saline (PBS), and
lyzed to release formazan from these cells. Cells were then analyzed
in a Saﬁre microplate reader (Bio-Rad) at 590 nm.
2.6.  Immunocytochemistry
Surfaces of HAT-7 cells were washed three times with PBS and
cells were ﬁxed in 3% formalin for 20 min. After permeabilization
with 0.1% Triton X-100 in PBS for 5 min, E-cadherin was stained
using a monoclonal mouse anti-E-cadherin antibody (1:200, 36, BD
Biosciences) for 30 min. A ﬂuorescent rhodamine-conjugated goat
anti-mouse IgG antibody (diluted 1:200; Jackson ImmunoResearch
Laboratories, Inc., USA) was used as the secondary antibody.
2.7.  Western blot analysis
HAT-7  cells were incubated with LPS and LL37. Cells were
lyzed in buffer containing Triton X-100, subjected to sodiumGermany). Immunodetection of target proteins was carried out
with speciﬁc antibodies against E-cadherin (BD Biosciences). In
all experiments, vinculin was  detected simultaneously to conﬁrm
equal protein load.
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. Results
.1. Immunohistochemical analysis
Immunohistochemical examination revealed that HNP and LL37
xpression were detected strongly in neutrophils and slightly in
he cytoplasm of mesenchymal cells in both apical granulomas
nd radicular cysts, but their expressions were not as obvious in
adicular cysts as that seen in apical granulomas. HBD-1 and -
 expressions were detected in the nuclei of epithelial cells and
ubepithelial lesions in radicular cysts; however, they were either
ower or absent in the ﬁbrous connective tissue in apical granu-
omas. E-cadherin was predominant in the cell membrane of the
pithelial cells in radicular cysts (Fig. 1A).
Distribution of the staining score of the apical granuloma group
nd radicular cyst group are shown in Fig. 1B. Results showed that
igniﬁcant differences were observed in the staining score in HBD-1
nd E-cadherin between the apical granuloma group and radicular
yst group; however, there were no signiﬁcant differences in HNP,
BD-2, and LL37.
.2.  Expression of mRNA of AMPs and E-cadherin with/without
acterial stimulation
We  analyzed mRNA levels of rat -defensin-1 (RBD-1), rat -
efensin-2 (RBD-2), rat LL37 (rCRAMP), and rat E-cadherin in HAT-7
y real-time PCR studies with/without various bacterial stimula-
ion including LPS, A. actinomycetemcomitans,  and F. nucleatum.
In  HAT-7 cells, no differences in RBD-1 expression were detected
ith bacterial stimulation, but moderate expression of RBD-2
as detected with LPS, A. actinomycetemcomitans,  and F. nuclea-
um stimulation. Regarding rCRAMP, moderate expression was
etected after LPS stimulation, and predominant expression was
bserved after A. actinomycetemcomitans and F. nucleatum stimula-
ion (Fig. 2A).
E-cadherin expression was moderately upregulated after bac-
erial stimulation with LPS, A. Actinomycetemcomitans,  and F.
ucleatum, with a peak occurring between 4 and 6 h, then mRNA
evels of E-cadherin degraded at longer time points over 12 h
Fig. 2B).
.3.  Immunocytochemistry and Western blot analysis of
xpression of E-cadherin in HAT-7 with/without LPS and LL37
timulation
E-cadherin  was detected in the cell membrane of HAT-7 cells.
igher expression of E-cadherin was observed in HAT-7 cells at any
ensities of LPS stimulation (50–200 ng/ml) and LL37 stimulation
50–200 ng/ml) than those without stimulation (Fig. 3A).
Western blot analysis also showed higher expression of E-
adherin in HAT-7 when cultured with LPS or LL37 stimulation than
hose without stimulation (Fig. 3B).
.4. MTT  cell proliferation assay
HAT-7 cell proliferation was examined after incubation with LPS
nd LL37. The MTT  assay revealed that cell proliferation of HAT-7
as not enhanced after stimulation with LPS and LL37, respectively
Fig. 4).
.  DiscussionEnamel is the only mineralized epithelial-derived tissue in teeth,
nd it is said that the hard acellular mineral enamel structure is
ormed to protect dentin and the pulp complex [12]. Destruction of
he dental hard tissue wall resulting from caries, trauma-inducedrnational 10 (2013) 70– 76
fractures, and cracks are the most frequent portals of pulpal infec-
tion [13]. The progression of pulpal inﬂammation to periapical
regions and microorganism colonization of the root canal leads to
an innate and adaptive immune response. A consequence of chronic
infection of the dental pulp is the formation of chronic periapical
lesions such as apical granulomas and radicular cysts [14,15]. For-
mation of periapical cysts is most likely caused by the merging of
proliferating epithelial strands from all directions to form a three-
dimensional ball mass and they have the possibility of preventing
infection [16].
In  the present study, we provide new information on the distri-
bution of AMPs and E-cadherin in apical granulomas and radicular
cysts. Furthermore, we  examined the expression of AMPs and E-
cadherin in the established rat dental epithelial cell line, HAT-7.
Although, there may  be a few differences in characteristics between
human and rat dental epithelial cells, several conclusions were
derived from our experimental analyses.
First, the immunohistochemical study showed that HNP and
LL37 were predominant in apical granulomas, and both AMPs were
detected in mainly neutrophils. In contrast, radicular cysts exhib-
ited fewer HNP and LL37 in scattered neutrophils, but HBD-1 was
predominantly observed in epithelial cells and nevertheless, there
were no signiﬁcant differences, HBD-2 expression was more obvi-
ous than in apical granulomas. AMPs are a unique and assorted
group of molecules produced by living organisms of all types, and
are considered to be part of host innate immunity [7,17]. These
peptides demonstrate potent antimicrobial activity and are rapidly
mobilized to neutralize a broad range of microbes including viruses,
bacteria, protozoa, and fungi [7,18]. There are few studies regarding
AMP expression in periapical lesions, and a previous study reported
-difensin-1 expression in epithelial cells derived from porcine
epithelial rests of Malassez [19]. The present study suggested that
HNP and LL37 were secreted from neutrophils in the early-phase
of the inﬂammatory response; in apical granulomas, on the other
hand, epithelialization and expression of HBD-1 and -2 occurred in
association with decreases in neutrophils in the late-phase inﬂam-
matory response, in radicular cysts.
The next conclusion is that dental epithelial cells can express
both chemical antimicrobial activity, by secreting RBD-2 and
rCRAMP (rat LL37), and physical antimicrobial activity, by
upregulating E-cadherin production when exposed to bacterial
stimulation. The constitutive expression of HBD-1 was  observed
in various tissues and modulated by inﬂammation and inﬂuenced
normal epithelial interactions with commensal ﬂora [20]. HBD-2
has been detected in epithelial cells of the skin, lungs, uterus, tra-
chea, and oral mucosa [21,22]. Several previous studies have shown
that HBD-1 was  constantly produced, whereas the expression
of HBD-2 was transcriptionally inducible by various proinﬂam-
matory agents such as cytokines and bacteria [21,22]. LL37 was
expressed in leukocytes and epithelial cells of the skin, gastroin-
testinal tract, and respiratory tract [23]. LL37 had the property to
directly bind and neutralize LPS and had synergy with cytokines,
such as granulocyte-macrophage colony-stimulating factor (GM-
CSF) and IL-1 [24,25]. These above reports are thought to support
our ﬁndings that the expressions of -defencin-2 and LL37 were
upregulated, while there was  no effect on the expression level
of -defencin-1 by bacterial stimulation in HAT-7. Therefore, -
defencin-2 and LL37 may  participate in the host defense response
to microbes in dental epithelial cells.
E-cadherin, a transmembrane glycoprotein, is responsible for
epithelial intercellular adhesion and is not only responsible for
cell-cell adhesion, but also regulates proliferation, differentiation,
polarization, and stratiﬁcation of epithelial cells [9]. This is also a
tumor suppressing factor, decreased E-cadherin expression is char-
acteristic of cancer, and the loss of cell-cell adhesion is known to
play an important role in cell invasion and dissemination from
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Fig. 1. (A) Expression of human neutrophil -defensin (HNP), cathelicidin (LL37), human -defensin1 (HBD-1), -defensin2 (HBD-2), and E-cadherin in specimens of apical
granulomas and radicular cysts (200×). Illustration of apical granulomas (a) and radicular cysts (b), respectively (hematoxylin–eosin). Immunohistochemistry of apical
granuloma and radicular cyst staining with each antibody; (c, d) HNP, (e, f) LL37, (g, h) HBD-1, (i, j) HBD-2, and (k, l) E-cadherin. Immunohistochemical examinations revealed
that  HNP and LL37 expressions were detected strongly in neutrophils and slightly in the cytoplasm of mesenchymal cells in both apical granulomas (c: expression of HNP
in  an apical granuloma; e: expression of LL37 in an apical granuloma) and radicular cysts, but their expressions were not as obvious in radicular cysts as that seen in apical
granulomas (d: expression of HNP in a radicular cyst; f: weak expression of LL37 in a radicular cyst). HBD-1 and -2 expressions were detected in the nuclei of epithelial cells
and  subepithelial lesion in radicular cysts (h: expression of HBD-1 in a radicular cyst; j: expression of HBD-2 in a radicular cyst); however, they were either lower or absent
in  the ﬁbrous connective tissue in apical granulomas (g: weak expression of HBD-1 in an apical granuloma, i: weak expression of HBD-2 in an apical granuloma). Negative
immunohistochemical staining against E-cadherin in an apical granuloma (k). E-cadherin was  predominant in the cell membrane of epithelial cells in radicular cysts (l). (B)
Cases  of the apical granuloma group or radicular cyst group according to the staining score of E-cadherin, HNP, LL37, HBD-1, and HBD-2. Signiﬁcant differences in the staining
score  of E-cadherin (p < 0.01) and hBD-1 (p < 0.05) were observed between apical granuloma and radicular cyst groups; however, there were no signiﬁcant differences in
HNP,  hBD-2 and LL37.
74 K. Ishihata et al. / Oral Science International 10 (2013) 70– 76
Fig. 2. (A) Results of real-time polymerase chain reaction showed rat -defensin-1 (RBD-1), rat -defensin-2 (RBD-2), and rat LL37 (rCRAMP) expressions in HAT-7 cultures
stimulated with lipopolysaccharide (LPS), Aggregatibacter actinomycetemcomitans,  and Fusobacterium nucleatum. Graphs show the ratios of RBD-1, RBD-2, and rCRAMP mRNA
to  GAPDH mRNA. In HAT-7 cells, no differences in RBD-1 expression were detected with any bacterial stimulation. Along with the exposure to LPS, A. actinomycetemcomitans,
and  F. nucleatum, the mRNA of RBD-2 was moderately increased, regarding rCRAMP, the mRNA levels were moderately increased after LPS stimulation, and predominantly
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lxpressed after A. actinomycetemcomitans and F. nucleatum stimulation. (B) Express
omitans, and F. nucleatum. The mRNA of E-cadherin was  moderately upregulated a
eak  occurring between 4 and 6 h, whereas the mRNA of E-cadherin decreased grad
rimary site to metastatic site [26]. The breakdown of intercon-
ecting epithelial cell adhesions was suggested to lead to the
estruction of epithelial cell barrier function [1,2,27]. Previous
tudies showed that lower E-cadherin expression was observed
n the gingival sulcus epithelium at diseased sites than that at
ealthy sites [27,28]. Since A. actinomycetemcomitans infection
ecreased E-cadherin levels in human gingival epithelial cells, it is
hought that periodontopathogenic bacteria may  degrade epithe-
ial cell–cell junction complexes in order to invade underlyingels of E-cadherin mRNAs in HAT-7 cultures stimulated with LPS, A. actinomycetem-
acterial stimulation with LPS, A. Actinomycetemcomitans,  and F. nucleatum with the
 at longer time points over 12 h. All experiments were performed with n = 4.
connective tissues [27]. The present study demonstrated remark-
able E-cadherin expression in epithelial cells in radicular cysts,
and signiﬁcant upregulation of E-cadherin was observed in dental
epithelial cells when exposed to bacterial stimulation such as LPS,
A. actinomycetemcomitans,  and F. nucleatum. These ﬁndings suggest
that epithelial cells may  play a role in defense mechanisms with
strengthening of the epithelial cell-cell junction due to upregulated
E-cadherin expression and expression of AMPs that have cytotoxic
activities for microorganisms derived from dental infection.
K. Ishihata et al. / Oral Science International 10 (2013) 70– 76 75
Fig. 3. (A) Fluorescence immunocytochemistry of HAT-7 cells. Staining with E-cadherin antibody after stimulation with lipopolysaccharide (LPS) (50, 100, 200 ng/ml) or
LL37  (50, 100, 200 ng/ml) for 48 h. Immunoﬂuorescent images were obtained with confocal laser scanning microscopy. E-cadherin was detected in the cell membrane of
HAT-7  cells. In the LPS and LL37 treated groups, higher expression of E-cadherin was observed in HAT-7 cells at any densities of LPS stimulation (50–200 ng/ml) and LL37
s Weste
s th LPS
s 37 sti
m
d
a
ctimulation (50–200 ng/ml) than that without stimulation. Scale bars = 50 m. (B) 
timulation. E-cadherin was  detected by Western immunoblot after stimulation wi
howing increased expression of E-cadherin in HAT-7 when cultured with LPS or LL
The third conclusion is that, although numerous inﬂammatory
ediators associated with infection can inﬂuence proliferation of
ental epithelial cells in periapical regions, stimulation with LPS
nd LL37 had no effect on the proliferation of dental epithelial
ells in the present study. Epithelial proliferation associating withrn Blot analysis of the expression of E-cadherin in HAT-7 after bacterial and LL37
 (50, 100, 200 ng/ml) and LL37 (50, 100, 200 ng/ml) for 48 h. Western blot analysis
mulation than that without stimulation.
cyst  formation may  be modulated by IL-1, -6, certain epidermal
growth factors, or transforming growth factors [16,29]. Further-
more, since Notch, a chemoattractant factor, was observed in the
periapical lesions, it may  be associated with cell proliferation of
periapical cysts [30]. Further explorations are required to clarify
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[ig. 4. Chemosensitivity assay (MTT assay) of HAT-7 after incubation with
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o-culture with LPS or LL37 did not inﬂuence the proliferation activities.
he causal relationship between the above mediators and epithelial
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Finally, we conclude that in periapical lesions, antimicrobial
ctivity is mainly provided by neutrophils ﬁrstly, by expression
f HNP and LL37, followed by proliferation of dental epithelial
ells, and antimicrobial activities of epithelial cells, by expression
BD and E-cadherin. Radicular cysts may  play an important role
s the second barrier in defense mechanisms after the ﬁrst bar-
ier, enamel, is destroyed by bacterial infection. Further studies are
equired to clarify the mechanism of cyst formation in periapical
esions.
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